Abstract The notochord functions as the midline structural element of all vertebrate embryos, and allows movement and growth at early developmental stages. Moreover, during embryonic development, notochord cells produce secreted factors that provide positional and fate information to a broad variety of cells within adjacent tissues, for instance those of the vertebrae, central nervous system and somites. Due to the large size of the embryo, the salmon notochord is useful to study as a model for exploring notochord development. To investigate factors that might be involved in notochord development, a normalized cDNA library was constructed from a mix of notochords from ∼500 to ∼800 day°. From the 1968 Sanger-sequenced transcripts, 22 genes were identified to be predominantly expressed in the notochord compared to other organs of salmon. Twelve of these genes were found to show expressional regulation around mineralization of the notochord sheath; 11 genes were up-regulated and one gene was down-regulated. Two genes were found to be specifically expressed in the notochord; these genes showed similarity to vimentin (acc. no GT297094) and elastin (acc. no GT297478). In-situ results showed that the vimentin-like transcript was expressed in both chordocytes and chordoblasts, whereas the elastin-like transcript was uniquely expressed in the chordoblasts lining the notochordal sheath. In salmon aquaculture, vertebral deformities are a common problem, and some malformations have been Res (2011) 346:191-202 DOI 10.1007/s00441-011-1262 linked to the notochord. The expression of identified transcripts provides further insight into processes taking place in the developing notochord, prior to and during the early mineralization period.
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Introduction
The notochord itself develops into a functional vertebral column through inherent segmentation (Fleming et al. 2004; Grotmol et al. 2003 Grotmol et al. , 2006 . However, little is known about which factors/processes within the notochord are active during both the segmentation and mineralization process.
The notochord of Atlantic salmon, as for other teleosts, is comprised of a cellular core enclosed by an acellular collagenous sheath . The central portion is composed of large vacuolated cells, chordocytes, encased by a single layer of notochord epithelium called chordoblasts. Chordoblasts are germinal, and secrete collagenous and elastic fibers of the notochordal sheath (Fig. 1a , ∼500 day°). The vertebral body formation in salmon is closely preceded by a change in the axial orientation of segmental-repeated periodic groups of cells within the notochord epithelial cell layer (Fig. 1b , ∼600 day°, Grotmol et al. 2003) , and a subsequent segmental expression of alkaline phosphatase (ALP) by these cell groups . Immediately after, the initial components of the vertebral bodies, the chordacentra, form within the acellular notochord sheath as segmented calcified rings (Fig. 1c , ∼700 day°), a pattern suggesting that they are generated by the chordoblasts of the notochord. At this early stage of vertebral development, no osteoblasts are present around the notochord. Instead, the segmental expression of ALP in the chordoblast layer suggests that these notochord epithelial cells themselves differentiate and develop osteoblast-like properties, and govern the mineralization of the chordacentra, thus nucleating vertebra formation. Together, these findings lend support to the concept that the notochord plays a major role in initiating the development of the vertebral column through a segmental differentiation of the notochord into vertebral bodies and intervertebral regions.
In salmon aquaculture, vertebral deformation is a common problem, and some of the deformities found have been linked to the notochord (Fjelldal et al. 2007; Witten et al. 2006) and to the molecular regulation of the salmon notochord (Wargelius et al. 2010; Ytteborg et al. 2010) . Thus, to further elucidate the aetiology of vertebral deformations in salmon, it is necessary to investigate the molecular properties of the notochord. Genetic screens have identified several loci that are essential for the specification and formation of the notochord in early stages of embryogenesis in zebrafish, in addition to genes that encode the production of extracellular matrix components of importance for notochord differentiation (Stemple 2005) . However, the zebrafish is small, and to dissect notochord and study the notochord itself from this species is very difficult. In comparison, salmon embryos are large. In the present paper we describe a method to dissect intact pieces of salmon notochord. To explore which molecules are present in the notochord during development of this organ, we constructed a normalized cDNA library from a mix of notochords obtained from developmental stages before and during the cellular processes of notochord segmentation and mineralization (from ∼500 day°to ∼800 day°). The morphology of these processes has been thoroughly described (Grotmol et al. 2003; Nordvik et al. 2005; Grotmol et al. 2006) . Our primary objective was to identify genes/pathways that are specifically or predominant- Fig. 1 Notochord developmental stages. The notochord comprises a core of epitheloid cells enclosed by an acellular fibrous sheath, which consists of a thin external elastic membrane (light blue), covering a thicker collagenous layer (blue). The cellular core is composed of an inner tube of chordocytes (light green), each with a large, fluid-filled vacuole. The chordocytes are surrounded by a monolayer of chordoblasts (green). At around 500 day°, the notochord exists as a non-segmented structure (a). The initial morphological event of notochord segmentation is found within the notochord epithelium around 600 day°; here, metameric bands of cells, characterized by alternating orientations, are formed (b), and these correspond to the prospective positions of vertebral versus intervertebral segments. Concomitantly, every second band of cells nucleates vertebral development, starting with the mineralization of chordacentra (red). Chordacentrum formation is initiated at the ventral midline of the notochordal sheath (c) at around 700 day°, and during development they pass through a 'U shape' to finally form complete rings ly active in the notochord cells during notochord segmentation and/or mineralization.
Materials and methods

Sampling
Larvae and juveniles of Atlantic salmon (Salmo salar L.) were obtained from commercial hatcheries where the various stages were kept in flow-through systems. Larvae were kept at 8°C throughout hatching, until half of the yolk-sac was consumed, at which point the temperature was raised to 8.5°C. The samples were transported to the laboratory in plastic bags containing water with gaseous oxygen above. Before preparative procedures commenced, the fish were anaesthetized by immersion in water containing 50 mg benzocaine per litre of fresh water. Developmental stages were classified by day°, which are defined as the sum of daily mean ambient watertemperatures (°C) for each day (Gorodilov 1996) . Samples of notochord were collected from a series of different developmental stages between 490 and 810 day°; including notochord segmentation stages and early mineralization stages. The sampled stages were 490, 500, 530, 550, 560, 570, 580, 590, 600, 610, 620, 640, 650, 660, 670, 680, 690, 700, 710, 720, 740, 750, 760, 780 and 810 day°: three individual notochords from each developmental stage, a total of 75 notochords. Hatching occurred at around 500 day°.
Dissection procedure
In order to obtain pure samples of the notochord cellular core, a precise microdissection procedure was developed. Anesthetized larvae were skinned, and the lateral musculature, spinal cord, and ventral blood vessels were removed with sharp-pointed razor blades. Following decapitation, the notochord was divided into three pieces of equal length. By squeezing the pieces of notochord gently with two fine forceps, we detached the gel-like cellular core from the inner wall of the surrounding tubular notochord sheath, finally sliding it out as pure fractions of intact cells (Fig. 4a, b) . The dissection was performed on clean glass slides treated with RNA Zap® (Ambion), to avoid RNA degradation. The samples were immediately frozen in liquid nitrogen, and stored at −80°C. In order to compare notochord gene expression with that of other tissues, pooled samples from the rest of the larvae (without notochord) were frozen in liquid nitrogen and stored at −80°C.
cDNA library construction
From each developmental stage, total RNA was isolated from a pool of notochord cores collected from three fish; here, RNeasy Mini Kit (Qiagen, Hilden, Germany) was employed.
An equal amount of RNA from each stage was pooled, adding up to a total amount of 1.0 μg RNA, from which a cDNA library was constructed using Creator SMART cDNA Library Construction Kit (Clontech Laboratories, Inc., Mountain View, CA, USA). The library was then normalized using the Trimmer-Direct cDNA Normalization Kit (Evrogen JSC, Moscow, Russia). Blunt-ended PCR fragments were prepared using the proofreading Platinum® PfxDNA Polymerase (Invitrogen, Carlsbad, CA, USA), these ligated by topoisomerase I into a cloning vector (pSC-B-Amp/Kan, Stratagene, La Jolla, CA, USA). Transformation of the ligation mix was performed using the StrataClone SoloPack competent cells provided in the StrataClone Blunt PCR Cloning Kit (Stratagene). The host strain contained a lacZΔM15 mutation, and supported blue-white screening with plasmid pSC-B-amp/kan containing the lacZ´gene. The clones were grown on Luria-Bertani (LB) plates with added ampicillin. All procedures were performed according to the manufacturers' protocols. A total of 1,968 positive clones were randomly selected and incubated in deep 96-well plates, each well filled with 2×LB media. Culturing was performed overnight at 37°C with 320 rpm agitation. Isolation and purification of plasmid DNA were done robotically with Qiaprep Miniprep Kit (Qiagen, Hilden, Germany) operated by Theonyx (MWG Biotech, Ebersberg, Germany).
Sequencing and bioinformatics
Plasmids with inserts were sequenced using M13 reverse primer, following the Big-Dye version 3.1 protocol using ABI PRISM 377 DNA sequencer (Applied Biosystems Inc., Foster City, CA, USA) at the Sequencing Facility of the University of Bergen. The resulting sequence trace files were processed and quality filtered employing the phred base-calling algorithm (Ewing et al. 1998) , and contaminating vector sequences were removed using the Univec filtering database at the National Center for Biotechnology Information (NCBI). Clustering, assembly and repeat masking of quality-filtered contigs and singletons were carried out by the TIGR Gene Indices Clustering tools TGICL (Pertea et al. 2003) , CAP3 assemblies (Huang and Madan 1999) , and RBR (Malde et al. 2006) respectively. The Basic Local Alignment Search Tool (BLAST) was used for alignments of contigs and singletons against the UniProt's UniRef 90 database (http://www. uniprot.org) (The UniProt 2008). The BLAST hits were used with the Gene Ontology (GO) annotations and GO associations to assign GO terms to each contig and singleton (Ashburner et al. 2000) . All BLAST hits with E-value <10 -6 were taken into account. Note that each contig and singleton may be assigned to multiple GO terms. Putative genes were identified on the basis of the significant BLAST matches, and those predicted to be involved in developmental processes were selected for further analysis.
Gene expression analysis
The expression level of salmon genes was measured by quantitative PCR (qPCR) employing SYBR Green (Applied Biosystems Inc., Foster City, CA, USA), and reactions run at 7900 HT Fast Real-Time PCR system (Applied Biosystems Inc.). To obtain cDNA, RNA from notochord was isolated using RNeasy Mini Kit (Qiagen, Ilden, Germany) and further DNAse I treated (Invitrogen). cDNA was reversely transcribed using 250 ng of RNA with random nonamers and reverse transcriptase (Eurogentec, Seraing, Belgium). The reaction conditions for all PCR's were 50°C for 2 min, followed by 95°C for 10 min, 40 cycles of 95°C for 15 sec, followed by 60°C for 1 min. Primer sequences and accession numbers for the 170 ESTs (Table S1 , Supplementary Material) selected for gene expression analysis in the notochord were designed using Primer Express Version 2.0 and purchased (Invitrogen, Carlsbad, CA, USA). Among these, 22 genes were analyzed by qPCR at different developmental stages (Table 1 ). The primer sequences used for gene expression analysis are listed in Table 2 . Elongation factor 1 α (EF1α) was used as the reference gene, because of its stable expression that has been observed in various salmon tissues (Olsvik et al. 2005) . Three notochord samples (n=3) was used per developmental stage when measuring gene expression over time.
Cloning of salmon elastin-and vimentin-like transcripts PCR reaction was performed to amplify both genes from cDNA produced from salmon notochord, using Advantage PCR II (Takara Biotech, Japan). Primer sequences used for salmon vimentin-like were; fwd: 5′-GAAGAGATCACCACCTTCCACAA-3′ and rev: 5′-AGCCCGTCGATCTGGTTCT-3′ and for salmon elastinlike; fwd: 5′-TGGTGGTTCCGGACCTTATG-3′ and rev: 5′-CTTGTTCCATCCAGTCCAACAG-3′. PCR condition used was 95°C for 2 min followed by 30 cycles of 95°C for 1 min, 60°C for 30 sec and 68°C for 1 min, and then followed by 68°C for 7 min. PCR products were screened in 2% agrose gel with GelRed staining for expected size. Fragments were cloned into pCR®II-TOPO® vector and then transformed into One Shot® E.coli Competent Cells using TOPO TA Cloning® Kits (Invitrogen, Carlsbad, CA, USA), according to standard protocol. Cells were collected after shaking at 200 rpm, 37°C for 1 hour. From each transformation, 50 μl were spread on pre-warmed LB plates containing X-Gal and 100 μg/ml ampicillin. Plates were incubated overnight at 37°C. Ten white colonies were picked up and cultured in 5 ml LB medium containing 100 μg/ml ampicillin for analysis for each gene. Plasmids from harvested bacteria cells were purified using QIAprep Spin Miniprep Kit (Qiagen, Hilden, Germany), according to standard protocol. Sequencing PCR reaction were done using 200 ng template from each clone, under the following conditions: 96°C for 5 min, 25 cycles of 96°C for 10 sec and 50°C for 5 sec and 60°C for 4 min. Either M13 forward or M13 reverse primer was used in the reaction. Sequence analysis was performed at the sequencing facility in University of Bergen (Bergen, Norway). Salmon vimentin-(acc. no GT297094) and elastin-like genes (acc. no GT297478) were used to make probes for in situ hybridization.
In situ hybridization
Samples from ∼500, 600 and 700 day°were collected and fixed in freshly made 4% paraformaldehyde/1×PBS overnight. After fixation, samples were washed for 4 × 15 min in 1×PBS, and incubated overnight in a solution containing 25% sucrose/1×PBS/25% Tissue-tek® (Sakura Finetek Norway AS, Oslo, Norway), then frozen in 100% Tissuetek® and kept at −80°C until sectioning. Frozen tissue samples were sectioned longitudinally (10 μm) on a Leica CM1900 (Leica Microsystems GmbH, Wetzlar, Germany) cryostat, and mounted onto SuperFrost®+glass slides and air dried at room temperature for at least 1 h before being frozen and kept at −80°C until further analysis. The in-situ protocol is previously described in Krossøy et al. (2009) . For in-situ hybridization of the vimentin-and elastin-like transcripts (Accesion no. GT297094) and 698-bp (Accesion no. GT297478), a 469-bp probe was used for each construct (cloning described in section 2.5). Sp6 and T7 polymerase was used for the productions of anti-sense and sense probes, according to the manufacturer's recommendations (Roche, Basel, Switzerland). Digital micrographs were taken with a ProgRes C14 camera (Jenoptik GmbH, Jena, Germany) on an Olympus Vanox AHBT3 microscope (Olympus, Tokyo, Japan), and processed using Adobe Photoshop CS5 Extended (Adobe Systems Inc., San Jose, CA, USA).
Statistics
Statistical analyses were performed employing Statistica version 8.0 (Statsoft Inc., Tulsa, OK, USA). Normality was checked by the Kolmogorov-Smirnov test, and variance 
General morphology
Freshly prepared notochords were kept in physiological saline on a slide, covered with coverslip and photographed in an Olympus Vanox light microscope with attached DIC optics. For electron microscopy, notochords were fixed and processed as described , and studied in a Jeol 1011 transmission electron microscope.
Results
Properties of the normalized cDNA library
The normalized salmon notochord cDNA library contained 1,968 cloned sequences that produced 1,911 high-quality ESTs (acc. no GT296214-GT298125) with an average length of 706 base pairs (bp); 277 contigs and 1057 singletons. The cDNA library contained 4×10 -3 colonyforming units (cfu), and 80% of the inserts ranged from 600 bp to 1000 bp in length.
Assessment of protein-coding genes
The BLAST and clustering process of 1911 ESTs from the normalized salmon notochord cDNA library resulted in 381 protein identities produced from 90 contigs and 291 singletons. The contigs and singletons were annotated with gene ontology (GO) terms (Fig. 2) . The annotated sequences were categorized into the first level subcategory of GO terms; biological process (Fig. 2a) , cellular component (Fig. 2b ) and molecular functions (Fig. 2c) . The GO terms were based on all BLAST hits with E-value <10 -6 ; in only 85 of the alignments did the BLAST hit with the lowest Evalue have an annotation. As the cDNA library was normalized, the number of transcripts within each category is not assumed to be a reflection of the notochord's transcriptome. However, the reason for employing a normalized approach was to decrease the number of abundant transcripts, thereby obtaining a higher diversity in the randomly selected gene transcript pool, and increasing the chances of selecting less-abundant transcripts such as transcription factors. As Fig. 2 shows, the libraries reflected a high diversity, and genes of potential interest displayed a relatively high prevalence, such as responses to stimulus (31 ESTs, Fig. 2a), developmental processes (28 ESTs, Fig. 2a ) and transcription regulation (21 ESTs, Fig. 2c) . A large proportion, 285 ESTs, was categorized as unknown.
Screening for genes that are expressed predominantly in the notochord
Of the 381 significant protein identities, 170 ESTs coding for factors potentially involved in developmental processes were selected on the basis of their annotation (EST name, Accession number and primer pairs used provided in Additional File 1). These 170 genes were analyzed for gene expression levels in the dissected notochords, and in a control sample of the remaining salmon tissue, from different stages of the notochord development (490-760 day°). The screening showed that 22 of the 170 ESTs were expressed predominantly in the notochord, ranging from twice to 14 thousand times as high in the notochord as in the pool of other salmon tissues (Table 1 , listed from high to low in expressional difference), at the developmental stages from 490 day°to 810 day°. Two genes were expressed uniquely in the notochord (marked with * in Table 1 ), and may be specific to the notochord, during the defined developmental stages that were investigated.
Stage-specific expression levels of genes that are predominant in the notochord
The 22 genes expressed predominantly in the notochord were selected for stage-specific screening of gene expression level at individual developmental stages (490, 530, 590, 620, 650, 690, 720 and 760 day°) . Eleven genes were significantly up-regulated [ Fig. 3 ; 650 and 690 day°(a); 720 day°(b); 720 and 760 day°(c, d); 760 day°(e-k)]. One gene was significantly down-regulated at 720 day° (Fig. 3l) . None of the other genes (data not shown) displayed expressional regulation during these developmental stages.
Spatial expression of vimentin-and elastin-like genes
In-situ hybridization was performed on longitudinal sections of Atlantic salmon embryos at ∼500 day°to identify cells expressing the vimentin-and elastin-like genes (Fig. 4) . Expression of the vimentin-like gene was found in the vacuolated chordocytes and in the chordoblasts lining the notochordal sheath (Fig. 4a) . In the chordoblasts, vimentinlike transcripts were localized in the apical part of the cells (arrowhead, Fig. 4a ). The vimentin-like gene is likely to encode an intermediate filament, contributing to the cytoskeleton of the cells in the notochord as shown in the transmission electron micrograph of two adjacent chordocytes (Fig. 4f) . Intermediate filaments co-localized with vimentin-like transcripts in chordocytes (Fig. 4a,f) . Elastin-like transcripts were specifically expressed in the chordoblasts lining the notochordal sheath (Fig. 4c) , whereas no expression was found in the chordocytes. For all sections, no background signal was found using the sense probe of the genes (Fig. 4b,d ). Spatial expression was also assayed at ∼600 and 700 day°, and no change in spatial expression pattern was found between developmental stages (data not shown).
Morphology
The freshly prepared notochords were completely intact, as observed in the light microscope (Fig. 5a,b) . Transmission electron micrographs showed that the chordocyte cytoplasms were densely packed with intermediate filaments (Fig. 4f) .
Discussion
The notochord has a supportive function both during developmental and adult life stages in teleosts. Likewise, the expressed gene pool in salmon notochord seems to be characterized by genes involved in structural activity and signalling (see Fig. 2 ). It has been suggested that the notochord also could serve in locomotion in amphioxus, as a study found muscle-related genes in notochordal tissue libraries (Bočina and Saraga-Babić 2006; Flood 1967; Suzuki and Satoh 2000) . However our analyses of expressed genes in salmon notochord did not reveal presence of muscle-related genes, indicating a possible loss of muscle-related function of the vertebrate notochord. However, we only assayed 2,000 transcripts, and it is possible that muscle-related genes are not present in this relatively small pool of transcripts. A large part, 285 ESTs, was categorized as unknown, which may reflect the presence of a large pool of non-proteincoding RNA, which could be related to the tetraploidy of the salmon genome. Though, the present study identifies both known and previously unknown genes, whose expression is notochord-specific, in addition to more abundantly, expressed genes that displayed signif- . Note that each contig and singleton may be assigned to multiple GO terms Fig. 3 Graphic display of the stage-specific relative gene expression levels for genes expressed predominantly in salmon notochord. Relative expression of 12 genes (a-l) displaying significant regulation at specified developmental stages of notochord development (day°).
The calculations of relative gene expressions were done using EF1α as reference gene. Data is presented with ± standard deviation (SD) and n=3 samples/bar icant regulation and may play instructive roles in the initial development of the vertebral bodies of teleost fish.
In order to determine whether the 22 genes found to be predominantly expressed in the notochord were regulated during the morphological changes that take place in the notochord, an analysis of gene expression levels was performed at several different developmental stages. The stages analysed included notochord segmentation and mineralization of the notochord sheath, processes forming the initial vertebral bodies (Fig. 1 ). There appears to be a certain degree of temporal regulation of gene expression. Whereas the majority of the genes analyzed were upregulated firstly at early notochord mineralization (720 day°a nd/or 760 day°), collagen type XI expression was upregulated slightly before mineralization occurs (650 and 690 day°), followed by a decrease during the early mineralization stages. In zebrafish, collagen type XI (col11a1) was found to have a similar expression pattern in the notochord (Baas et al. 2009 ); the expression was significantly up-regulated at 24-30 hours post fertilization (hpf) in whole embryos. Furthermore, a gradual disappearance of col11a1 expression took place, starting in the anterior region. Likewise, col11a1 was recently found to be highly and specifically expressed in the notochordal sheath of adult Atlantic salmon (Wargelius et al. 2010 ). The temporal up-regulation of col11a1 may reflect transitional processes in the patterning of the notochord. Similarly to the identified vimentin-like gene, we observed an up-regulation in expression of nine other genes (plaA2X, mafb, myc, methallotheonin, junction plakoglobin, daz associated protein 1, ß-galactosidasebinding lectin, K1143 and sorbin) at early mineralization stages; 720 day°and/or 760 day°. There are no obvious relationships among these factors, and they may be involved in a wide range of processes such as transcriptional regulation (MafB, Myc), intracellular zinc transportation (Methallotheonin), β-catenin like activity in signalling pathway (junction plakoglobin), RNA-binding activity (daz associated protein 1), carbohydrate binding activity (galectin 1, β-galactosidase-binding lectin), lipid peroxidation (pla2X), focal adhesion and/or cellcell adhesion (sorbin, ß-galactosidase-binding lectin), cytoskeletal organization (vimentin), hydroxylase activity in response to hypoxia (prolyl 4-hydroxylase subunit alpa-1 precursor) and unknown function (K1143). However, there might be a relationship between the expression of col11a1 and prolyl 4-hydroxylase subunit alpa-1,as the latter factor catalyses formation of 4-hydroxyproline in collagens (Zhang et al. 2008) . Maybe all of these genes demarcate a new step in the life-history of the notochord. However, it is possible that some of the genes, being only two to four times the expression level of the pooled tissue without notochord, show a high level of expression in other selected tissues.
In the present study, two genes were found to be specifically expressed in the notochord. These genes were predicted to encode proteins similar to; vimentin (acc. no GT297094) and elastin (acc. no GT297478). Vimentin is a type III intermediate filament, and serves as a major structural component of cells, where it is involved in functions such as stiffness, contractility, migration, and proliferation (Wang and Stamenovic 2002) . The lack of vimentin in mouse fibroblast results in change in mechanical properties of cells, which might suggest a function of vimentin in tensile stress (Eckes et al. 1998) . In humans, vimentin is used to trace cancers with mesodermal fate, as vimentin is expressed in all mesodermal derivates. However, our results show that the vimentin-like gene in salmon was only found in the notochord of the investigated stages. It is possible that in salmon, a unique function of the notochord requires a specialized vimentin which could help confer the specific function as an embryonic backbone. Further, the specificity could be related to the specific function of the notochord, as it should provide both support and flexibility to the fish body. In zebrafish, vimentin (BI326772) has not been detected in developing notochord (Thisse et al. 2001; Vihtelic et al. 2005) , while in quail, chicken and human notochord, the protein is detected in the notochord during development (Erickson et al 1987; Page 1989; Lehtonen et al. 1995; Gotz et al. 1995) . Vimentin is found in cytoskeletal structures. Likewise, we found the salmon vimentin-like transcript to be co-localized with the presence of intermediate filaments in chordocytes, indicating that the transcript is translated and directly used in the cytoskeleton. However, as we did not have a vimentin antibody, the exact localization of the protein in relation to its transcript and the intermediate filaments remains to be elucidated.
Elastin is a polymeric extracellular matrix protein, and this family of proteins is responsible for conferring the elastic properties of the extracellular matrix. Elastins are synthesized as monomers (tropoelastins), and they are rapidly assembled into a crosslinked polymer in the extracellular matrix. A property of the elastins is the relatively low sequence homology between species, whereas the homology stretches over the whole sequence instead of in domains with high homology (Chung et al. 2006 ). Thus, it was difficult to elucidate if the salmon sequence could truly encode an elastin, but based on the long stretch of weak homology with elastin from zebrafish (Miao et al. 2007 ) and chicken (Visconti et al. 2003) , it was concluded that the identified sequence probably belongs to the elastin family. Also, the predicted protein contained four KxxxK domains and one KxK domain (data not shown), which are typical and essential for the formation of the elastin matrix (Chung et al. 2006) . Whereas the protein elastin has previously been detected in chicken chordoblasts, we found that the elastin-like genes were specifically expressed in chordoblasts. However, both in chicken and in zebrafish the elastin gene/genes are expressed in other tissues with elastic membranes, such as somites, heart, lung, swim bladder and blood vessels (Miao et al. 2007; Visconti et al. 2003) . In zebrafish, two elastin genes have been identified, elna and elnb. In this study, elna showed a wide expression in tissues with elastic membranes, while elnb was found in all elastic membranes, but showed a markedly higher expression in the bulbus arteriosus. In zebrafish, it is suggested that there might be a subfunctionalization of the elastin genes that can explain differential expression of these genes in zebrafish (Miao et al. 2007 ). The elastin-like gene identified in this study is exclusively and highly expressed in the chordoblasts lining the notochordal sheath between 400 to 720 day°. Miao et al. (2007) suggests that this probable subfunctionalization of an elastin can be related to a specific requirement for elastic properties of the tissue. It is possible that there is a need for specific elasticity of the notochordal sheath, to confer the properties of the notochord, as an axis-supportive organ during embryo development. Also, the outer elastic sheath of the notochord (elastica externa) in salmon forms a specific continuous layer, which, it has been suggested, works as a "force transmitter" between mysepta and the notochord (Grotmol et al. 2006) . One aim in the study was to find factors involved in segmentation and mineralisation of the notochord. Spatial expression of elastin and vimentin were carefully assayed, but no segmental expression was found in longitudinal sections at any stage analysed. This result implies that neither of markers are related to notochord mineralisation. However it is possible that any of the other genes not assayed for spatial expression might show a segmental expression.
In summary, four of the genes investigated in this study (plaA2X, ß-galactosidase binding lectin, col11a1 and epiphycan) have previously been shown to be specifically expressed in the notochord of zebrafish (Ahmed et al. 2004; Baas et al. 2009; Cerdà et al. 2002; Hendrickson et al. 1999) , and may be notochord-specific transcripts in other vertebrates too. Nine other genes in the present study (elastin-like gene, vimentin-like gene, maf, myc, keratin 8, serpin H1/hsp47, sparc, protein kinase and transmembrane 9 superfamily member 1) have previously been shown to be expressed in the notochord (Bočina and Saraga-Babić 2006; Lecoin et al. 2004; Visconti et al. 2003) although not in teleosts. However, two of the genes investigated (myc and metallothionein) have been thoroughly described in zebrafish, and have not been detected in the notochord until 5 days post-fertilization (Chen et al. 2007; Meijer et al. 2008 ). The present study identified two genes uniquely expressed in the cells of the notochord; vimentin-and elastin-like transcripts. Whereas vimentin is related to the structural properties of the cell, elastin is related to the elastic properties of extracellular membranes. Further functional studies in salmon and other teleosts might explain why these factors are specific to the notochord during development.
